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Residual Useful Life Prediction Method for Hydraulic Pump

Based on Dynamic Modified Model
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Difficulties analysis of RUL prediction for hydraulic pump based on measured degradation statistics
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The degradation model describing the performance evolution process of hydraulic pump is established through
the monitoring degradation data, the performance degradation law is revealed, and the RUL is given in the form of

probability distribution, which can not only obtain the point estimation, but also describe the uncertainty of RUL
prediction. Besides, degradation model and parameters are dynamically modified by updating data.
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Test bench construction and data acquisition
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2.1 fﬁ4E§§ﬂﬁ§ﬂ'f$iﬁ5ﬁﬂzﬁ}§E Construction of hydraulic pump durability test platform
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Hydraulic pump durability test platform
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Test bench construction and data acquisition

2.2 BERESLME Data acquisition and processing
BT &EERKI S, HBEABTRYEEERRYFIE.
The volume efficiency is determined as the failure criterion through the failure analysis of hydraulic pump.
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3 ﬁﬂ%ﬁﬁ ﬁ;ﬂ“ﬁ:!&%ffﬁ ?‘E Principle and algorithm of RUL
3.1 RS HHTONEE Principle of RUL predlctlon
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3 FlRESmTUNRIERE LI Principle and algerithm of RUL

3.2 HZ BB, Algorithm procedure

(1) Analyze the failure factors of hydraulic pump and | &M& | Zkiné wENE |
. ) .. i L. ;| Linear fitting || Quadratic fitting || Exponential fitting |}
determine the volumetric efficiency as the failure criterion; :
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(_2)_F|t the real-time measured datfa source to find the best 102 $5ERSSE/RMSE
fitting curve to reveal the degradation law; Fitting index
(3) Find the mapping relationship between random T — S J—— BEm

. . ; . . . ﬂkﬂt& Degenerate curve ﬂlﬁﬁ iE
variables and failure criteria, conduct effective conversion, LS H  “Dynamic
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(4) Given the reliability probability, RUL output of H Knlmngmiﬁﬁnw test
quantitative uncertainty is realized; L S

(5) Update the model and parameters dynamically with the BHRA%G | RESS | ABESHE

monitoring data. Weibull Extremum Lognormal
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3.3 E3EWEHE Algorithm verification
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In addition, four groups of hydraulic ARSI (50 SRR (70
pumps are also used for comparison
experiments. The reliability probability of | 3 a ] pemes
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the prediction is set to 90%. The comparison . n TR
results show that the accuracy of the system | %,
Is 87.3802% and achieves the high stability.
Its accuracy increases with the increase of

test base impacts’ number.
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The RUL prediction system of hydraulic pump
includes three modules: the data preprocessing module,

the RUL prediction module and the historical data query

module.
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5 £ Conclusions
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A RUL prediction method of hydraulic pump based on dynamic modified model is proposed, and the
reliability probability RUL prediction model of hydraulic pump is established based on the difference between
the fitting value and the actual value. The mapping relationship between the volumetric efficiency and the
RUL is obtained, and the uncertainty of the prediction result is quantified. The experimental results show that
the prediction accuracy of the method is more than 85%.
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The RUL prediction system of hydraulic pump is developed, and the functions of data import and
preprocessing, curve fitting, residual analysis, reliability modeling, K-S test, RUL prediction, and historical
data viewing are realized. The accuracy of the system is verified by comparing the prediction results with the
actual results.
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